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1. Introduction

In 3GPP RAN1 #89, the following conclusions were made on the cross-link interference (CLI) management with flexible duplex [1]:
Agreements:

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

· Also the connection with TRP-to-TRP measurement

In this contribution, we mainly discuss some open issues of UE-to-UE cross-link interference management. Specially, we present some overviews on scenarios, measurement configurability, measurement RS, measurement periodicity and other related aspects. 
2. Focusing Scenarios
In dynamic TDD, since the DL/UL direction of each TRP can be switched flexibly, it would incur serious TRP-to-TRP and UE-to-UE cross-link interference, as shown in Fig. 1.
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Fig 1. Illustration of cross-link interference
Generally, in the urban macro and dense urban macro scenarios, the cross-link interference of TRP-to-TRP is the dominant cross-link interference compared with that of UE-to-UE, while in the small cell and indoor scenarios, the cross-link interference of UE-to-UE can be more severe. Therefore, for the UE-to-UE measurement and interference management, we focus on the small cell and indoor scenarios. In addition, the key enablers suitable for small cell have higher priority and should be studied first.
3. Key Issues
3.1 Measurement Configurability
Both long term CLI measurement and short term CLI measurement are considered in NR. However, as short term interference measurement greatly depends on channel condition and CLI characteristic may change rapidly, we propose that the long term measurement should be developed first for coordination schemes. In addition, it is expected that not all UEs in a cell need to measure the CLI for the consideration of complexity. Specifically, the cell center UEs may experience less interference, while the cell edge UEs may suffer more severe interference. Hence, in order to reduce the measurement RS and CLI report overhead, TRP can only configure a part of UEs to send or measure the RS. If one TRP decides to send CLI measurement RS in the measurement period, it will indicate the UEs (e.g. cell edge UE) to transmit CLI measurement RS, where RRC signaling can be used to configure the RS time-frequency resources. Meanwhile, if one TRP decides its UEs to measure CLI measurement RS in the measurement period, it should inform the UEs (e.g. cell edge UE) the related RS configuration information from other TRPs. Note that the TRP can also configure all UEs in the cell to perform the measurement procedure.

Proposal 1: TRP is able to configure a UE to measure the cross-link interference or not.
3.2 Measurement RS
To reduce the complexity of standardization, the existing RS can be reused for CLI measurement. It is natural that sounding RS (SRS) can be reused to be the UE-to-UE CLI measurement RS. In 3GPP RAN1, it has been agreed that ZC-based sequences shall be used for NR SRS sequence design, and the TRP could indicate a root sequence for the SRS generation. However, there can be some problems when the CLI measurement comes into UE specific sequences. For example, a interfered UE may blindly detect multiple UE specific sequences to obtain the interfering UE ID, which would increase the complexity and power consumption. In order to assist adjacent cell UEs to use the CLI measurement RS resource to identify difference UEs from other cells, one way is that the UEs are not distinguished by the UE-specific sequence, but by the time-frequency resource location of the measurement RS. Specifically, multiple interfering UEs share the same root sequence like LTE, and the SRS sequence generation could be a function of the allocated PRB position. The multiple interfering UEs may be assigned with different PRB/slot for the SRS transmission. The TRP inform its interfered UEs of the SRS resource configuration from different UEs in other cells. Then, the interfered UEs follow the indication from their serving TRP to measure the SRS sequence on each time-frequency resource position and report the measurement result. The CLI report from the measure UEs contains the CLI level on each corresponding time-frequency resource position. Further, the serving TRP exchanges the reported measurement information to the adjacent TRPs via backhaul or OTA signaling. Finally, the adjacent TRPs could know which UEs suffer severe CLI or not from the RS time/frequency location directly. 
Proposal 2: Reuse the existing SRS as the measurement RS for the UE-to-UE CLI measurement. Specify the mechanism to identify the aggressor UEs based on, e.g., the time-frequency location of the measurement RS.
3.3 Measurement Periodicity 
For the long term CLI measurement, if a cell wants to measure the CLI from another cell, it should have the information of when to measure the RS and the timing relationship of the CLI measurement RS from different TRPs. An efficient way is that the TRP can configure a period of RS transmission and a period of RS measurement. The exact value of periods and time offset for these two types of operations should be specified. The timing information can be exchanged for multiple cell coordinates. Further, if the number of measurement UEs is small, long periodic measurement that reuses existing time/frequency patterns is enough to satisfy the requirements. Otherwise, a measurement slot may be needed. Specifically, one slot or multiple consecutive slots can be configured as the type of ‘empty’ slot, which could be used as measurement slots for the RS transmission and the CLI measurement. 
Proposal 3: For the long-term CLI measurement, the measurement could be periodic. FFS details: a) reusing existing RS pattern and procedure, b) ‘empty’ type slot based RS transmission and measurement.
3.4 Other aspects
Besides the above mentioned issues, there are some other key enablers need to FFS, such as the effects of beams at UEs, and the CLI report list.  
4. Conclusion
In this contribution, we have presented some discussions on UE-to-UE cross-link interference management in NR. The following proposals are given:
Proposal 1: TRP is able to configure a UE to measure the crosslink interference or not.
Proposal 2: Reuse the existing SRS as the measurement RS for the UE-to-UE CLI measurement. Specify the mechanism to identify the aggressor UEs based on, e.g., the time-frequency location of the measurement RS.
Proposal 3: For the long-term CLI measurement, the measurement could be periodic. FFS details: a) reusing existing RS pattern and procedure, b) ‘empty’ type slot based RS transmission and measurement.
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